The characterization of alginate prepared from brown seaweeds in TT-Hue province of Vietnam was investigated. Composition and the sequential structure of alginate were determined by 1 H-NMR, 13 C-NMR, TOCSY, 1 H-1 H COSY, and 1 H-13 C-HSQC spectrum. It is found that alginate with molecular weight around 101 KDa is composed of homopolymeric regions of M and G blocks, interspersed with very small amount of regions of alternating structure of MG block. This information is essential for application guideline of alginate in TT-Hue province.
INTRODUCTION
Alginate, a family of non-branched binary copolymers of 1-4 glycosidically linked -Dmannuronic acid (M) and α-L-guluronic acid residues can be considered as patterns of homopolymeric blocks of G and M, respectively, and blocks with an alternating sequence, all in coexistence. Alginate contains all four possible glycosidic linkages: diequatorial (MM), diaxial (GG), equatorial-axial (MG), and axial-equatorial (GM) [1] . Chemical block structures of alginate are presented in Fig. 1 .
It has been known that the physical properties of alginates depend on the relative proportion of four types of blocks. The industrial utilization of any particular alginate will depend on its properties and therefore on its uronic acid composition, however, the composition and sequential structures of alginate of different resource are different from one place to others. From a scientific point of view, the uronic acid composition of alginate from different sources had to be examined. ThuaThien-Hue province is the zone in which some brown seaweed species are mainly distributed with the yield estimated in wet state to be about 3,000 metric tons per year [2] . Attempts to study on the brown seaweed have been made so far. Vo Thi Mai Huong et al [3, 4] investigated the technology of alginate extraction from sargasssum of TT Hue and some of their bio-physical and bio-chemical specifications. However, no single paper studying on the composition and the sequential structure of alginate extracted from brown seaweeds in TT-Hue has been reported so far. In previous papers [5 -7] , the authors demonstrated the use of the second order orthogonal design in the extract of sodium alginate from brown seaweeds in TTHue province. The desired quality of alginate can be obtained from appropriate technology regimes based on regression equations. In the present work, the characterizations of obtained alginate are discussed.
EXPERIMENT

EXPERIMENTAL
Alginate was prepared from the brown-seaweed of TT-Hue in the manner described in the previous paper [5 -7] . The viscosity average molecular weight of alginate was calculated using classical Mark-Houwink equation: 
RESULTS AND DISCUSSION
The resultant calculation of the viscosity average molecular weight showed that the viscosity average molecular weight of alginate is around 101 KDa as shown in Table 3 . Fig 2 shows 1 H-NMR of sodium alginate. 1 H-NMR spectrum of alginate consists of ten peaks in correspondence to 10 proton resonances of mannuronate and guluronate. Two peaks of 5.473 and 5.090 ppm located at the lowest magnetic field side should be assigned to G1 hydrogen and M1 hydrogen, respectively because of the strongest deshielding by two oxygen atoms adjacent to them and the deshielding by oxygen atom from axial linkage is stronger than that by oxygen atom from equatorial linkage. From TOCSY spectrum as shown in Fig 3, it could be seen that G1 hydrogen interacts with the protons of G5, G4, G3, and G2 at 4.883, 4,571, 4.446, 4.318 ppm. Among them, the interaction signal of G1 and the other proton at 4.883 ppm is the smallest so the peak at 4.883 ppm should be attributed to G5. In order to interpret the neighboring proton of G1, the 1 H-1 H COSY of alginate has been performed (Fig. 4) . G1 hydrogen only interacts with the proton at 4.318 ppm. Then the peak at 4.318 ppm should be assigned to G2 hydrogen. In turn, G2 hydrogen interacts with the proton located at 4.446 ppm. The peak at 4.446 ppm is the resonance signal of G3 hydrogen. The rest of 4.571 ppm is G4 hydrogen. In the same manner, the TOCSY spectrum confirms that M1 hydrogen interacts with the protons having resonance signals of 4.446, 4.318, 4.152, 4.135 ppm. From COSY spectrum, the peak at 4.446 ppm resulted in interaction of M1 should be attributed to the proton of M2. Referring back to TOCSY spectrum, in addition with the interaction of proton of M2, M1 proton interacts with two protons at 4.152 and 4.318 ppm. Two these peaks should be assigned as the protons of M3 and M4. On the other hand, the interaction of M2 with the proton at 4.152 ppm is observed in COSY spectrum. As resulted, the resonance signal at 4.152 ppm is obviously of M3 hydrogen.
Fig. 2:
1 H-NMR of alginate. The rest of 4.318 ppm is assigned to M4 hydrogen. In both COSY and TOCSY spectrum, it could be seen that M4 proton interacts with the other proton at the highest field and consequently, the signal at 4.135 ppm is certainly of M5. The resultant assignment of alginate peaks is listed on Table 1 and Fig. 2 . However, 1 H-NMR could not provide information of MG and GM blocks so the 13 C-NMR was performed. Table 2. 13 C NMR spectrum of C-1 carbons is shown in Fig. 7 . C-1 carbons of mannuronate and guluronate show peaks in the range of 100-102 ppm, and each peak is separated owing to the vicinal residue bonded with carbon. MG, GG, MM and GM in the order from lower magnetic field side should have been observed [10] . In that case, only two peaks around 101 ppm was obtained. The question is whether these two peaks are assigned to (MG-GG), (GG, MM), or (MM-GM) or not.
Fig. 7:
13 C-NMR spectrum of C1 carbons. Referring back to Fig. 3 , the resonance signals of the protons of M1 and G4 and the protons of M4 and G1 also were not observed suggesting that two peaks of 101.22 and 100.66 ppm should correspond to MM and GG as shown in Fig 7. Peaks of C-2,3,4 and C-5 is shown in Fig 8. The single peak at 78.62 ppm corresponding to M-4 carbon indicates that the vicinal residues bonded with M-4 are mainly mannuronic acid; therefore mannuronic acid may form homopolymeric structure. Similarly, guluronic acid may form homopolymeric structure. Peaks around 100.5 and 100.2 ppm of GM and MG are very small but visible which demonstrates that GM and MG blocks are very shorter in comparison with homogeneous blocks. The amount ratio of mannuronic acid and guluronic acid (M/G ratio) in the alginate and the fraction of MM block and GG block are calculated by integrated areas of H1 of M and G. These values are also determinated by the intensities of carbon M1 and G1 but it isn't certain result. The resultant calculations are shown in Table 3 . The unequivalent amount of M and G as seen in Table 3 can be contributed to negligible amounts of MG and GM block. It is concluded that the obtained alginate is composed of chains of homopolymeric block M and G in which chain of block M is longer, interspersed with very small amounts of regions of alternating structure of MG block. 
CONCLUSION
This is the first study on the structure of alginate prepared from brown seaweeds in TT-Hue province. It was found that alginate consists of block copolymers composed of homopolymeric regions of M and G, interspersed with very small regions of alternating structure of MG block. We hope that this work will be useful for applications of the investigated alginate to agriculture and medicine.
